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Description 

BACKGROUND 

[0001] Chemokines are proinflammatory cytokines 
that are chemoattractants and activators of specific 
types of leukocytes. Members of this family share com- 
mon structural motifs, in particular the positions of four 
cysteines, as well as other highly conserved regions of 
primary structure. Despite their similarities, most chem- 
okines have non-overlapping target cell specificities. 
Chemokines can be grouped into two subfamilies, 
chemokine-ct and chemokine-p proteins, based on 
structural and genetic criteria. 

[0002] Monocyte chemoattractant protein- 1 (MCP-1) 
is a member of the chemokine-p family of proinflamma- 
tory cytokines. The amino acid sequence of human 
MCP-1 is disclosed in Rollins, Molecular and Cellular 
Biology, Vol. 9, No. 11 , pp. 4687-4695, Nov. 1 989. MCP- 
1 attracts and activates monocytes, to the exclusion of 
neutrophils, at subnanomolar concentrations. MCP-1 is 
structurally and genetically related to interleukin-8 (IL- 
8), a neutrophil-specific chemo-attractant, which is 
member of the chemokine-a family. 
[0003] Monocytes are attracted to damaged coronary 
arteries, such as the damage caused by coronary artery 
angioplasty, and are involved in causing restenosis. 
[0004] Mutants of MCP-1 are described in the Journal 
of Biological Chemistry, Vol. 267, No 5, February 15, 
1992 at pages 3455 to 3459. The mutants described 
have decreased monocyte chemotactic activity, and 
they are inert or less active than endogenous MCP-1 in 
monocyte chemotaxis assay. In contrast, the present in- 
vention provides inhibitory mutant MCP-1 , which can in- 
hibit the endogenous natural MCP-1 in attracting mono- 
cytes. 

SUMMARY OF THE INVENTION 

[0005] The invention relates to MCP-1 derivatives 
mutated such that said derivatives inhibit the monocyte 
chemoattractant activity of endogenous MCP-1 , prefer- 
ably human MCP-1 , and pharmaceutical compositions 
thereof. In a preferred embodiment, the MCP-1 deriva- 
tive has been modified at the 28-tyrosine, the 24-ar- 
ginine, the 3-aspartate and/or in amino acids between 
about 2 and about 8. In one embodiment, the mutation 
is not at the 28-tyrosine. Preferably, the MCP-1 deriva- 
tive is not substituted at the 28-tyrosine by leucine and/ 
or substituted at the 30-arginine by valine. Successful 
inhibition of the activity is found where the MCP-1 is 
modified in one or more of the following ways: a) the 
28-tyrosine is substituted by aspartate, b) the 24-ar- 
ginine is substituted by phenylalanine, c) the 3-aspar- 
tate is substituted by alanine, and/or d) the 2-8 amino 
acid sequence is deleted. 

[0006] The claimed MCP-1 derivatives can be admin- 
istered to a patient in need of inhibiting MCP-1 monocyte 



chemoattractant activity. Advantageously, the deriva- 
tives can be used to prevent restenosis, such as that 
which is typical In many patients undergoing coronary 
artery angioplasty. 
s [0007] The above and other features of the invention 
will now be more particularly described and pointed out 
in the claims. It will be understood that the particular de- 
rivatives embodying the invention are shown by way of 
illustration. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a response curve of wild type MCP- 
1 and FLAG epitope tagged MCP-1 proteins. 
15 [0009] Figure 2 is a chart of the mutations prepared 
and the specific chemotaxis activity of the mutants. 
[0010] Figure 3 is a dose response curve for MCP-1 
inhibition of four of the claimed embodiments. 

20 DETAILED DESCRIPTION OF THE INVENTION 

[0011] The present invention is based on the finding 
that regions of MCP-1 can be mutated to inhibit endog- 
enous MCP-1 monocyte chemoattractant activity. Mu- 

25 tants of MCP-1 were developed that possessed the de- 
sired inhibitory activity. Successful inhibition of the ac- 
tivity is found, for example, where the human MCP-1 is 
modified in one or more of the following: a) the 28-tyro- 
sine is substituted by aspartate, b) the 24-arginine is 

30 substituted by phenylalanine, c) the 3-aspartate is sub- 
stituted by alanine, and/or d) the 2-8 amino acid se- 
quence is deleted. Specific mutants where only one 
modification set forth above was accomplished were 
designated Y28D, R24F, D3A, and 7ND, respectively. 

35 [0012] Mutation of human MCP-1 other than the point 
mutations given above are also envisioned within this 
invention. It is further possible to develop MCP-1 mu- 
tants derived from other mammals possessing a mono- 
cyte chemoattractant protein which will inhibit endog- 

40 enous MCP-1. Employing the techniques described 
herein for the development of mutant proteins and 
screening the mutants developed, other equivalent mu- 
tant proteins can be identified and isolated. 
[0013] The term "derivative", as employed herein, is 

45 defined as encompassing the whole protein, any active 
portion thereof or any addition product of the parent pro- 
tein. 

[0014] The derivatives of theclaimed invention can be 
made according to known methods in the art, including 

so the polymerase chain reaction. The polymerase chain 
reaction can be used to create point mutations in the 
cDNA for human MCP-1. R. Higuchi, "Recombinant 
PCR H , PCR Protocols: A Guide to Methods and Appli- 
cations, editors Innis, M.A.; Gelfand, D.H.; Sninsky, J.J; 

55 and White, T.J., Academic Press, NY 1 990. cDNA'S can 
be transiently transfected into an appropriate expres- 
sion system to produce mutant proteins. Appropriate ex- 
pression systems which can be used include prokaryote 



2 



3 



EP 0 725 794 B1 



4 



and eukaryotes. To avoid problems of inducing proper 
folding of bacterially induced proteins, the protein is 
preferably expressed in COS cells. 
[0015] By way of example, construction of epitope- 
tagged MCP-1 and MCP-1 mutations can be prepared 
employing the polymerase chain reaction. Any suitable 
source of the cDNA for MCP-1 in any suitable cloning 
vector can be employed as a template. A preferred clon- 
ing vector which can be employed is pGEM-hJE34 (hu- 
man MCP-1 cDNA in pGEM-7 (Promega, Wisconsin)). 
In one embodiment, recombinant PCR was used to in- 
sert 30 nucleotides immediately 5' to the termination co- 
don (position 366) encoding the FLAG epitope (Prickett, 
Biotechniques, 7, pp 580-589, (1 989)) with a two glycine 
spacer. 

[0016] The cDNA so obtained were cloned into a suit- 
able expression vector, pmt21 (Genetics Institute), to 
yield a plasmid designated pFX2. 
[0017] Similar techniques were used to insert the 
FLAG epitope and spacer immediately 3' to the codon 
foraspartate-3 in processed MCP-1 (nucleotide position 
146); this expression plasmid was designated pFX3. 
With pFX2 as template, recombinant PCR was used to 
insert termination codons or single amino acid changes, 
as desired. 

[0018] The cDNA so obtained was cloned into a suit- 
able expression vector, such as pmt21 (Genetics Insti- 
tute), to yield a suitable plasmid. 
[0019] Expression of MCP-1 and its derivatives can 
be accomplished by known techniques. A wide variety 
of expression vehicles can be used. One preferred ex- 
pression vehicle is the COS cell line. Expression of the 
protein can be determined and quantified by routine 
methods in the art, such as immunoblotting and laser 
densitometry. 

[0020] As set forth above, MCP-1 attracts and acti- 
vates monocytes. Monocytes are attracted to damaged 
coronary arteries, such as the damage caused by cor- 
onary artery angioplasty, and are involved in causing 
restenosis. Administration of inhibitors to the recruit- 
ment of monocytes will be useful in preventing resteno- 
sis, rheumatoid arthritis, chronic pulmonary inflamma- 
tion and other conditions linked to the recruitment of 
monocytes. 

[0021 ] The derivatives of the claimed invention can be 
administered alone or in a suitable pharmaceutical com- 
position. Modes of administration are those known in the 
art, such as parenteral application. 
[0022] Suitable pharmaceutical carriers include, but 
are not limited to water, salt solutions, alcohols, polyeth- 
ylene glycols, gelatin, carbohydrates such as lactose, 
amylose or starch, magnesium stearate, talc, silicic ac- 
id, viscous paraffin, fatty acid esters, hydroxymethylcel- 
lulose, polyvinyl pyrrolidone, etc. The pharmaceutical 
preparations can be sterilized and if desired, mixed with 
auxiliary agents, e.g., lubricants, preservatives, stabiliz- 
ers, wetting agents, emulsifiers, salts for influencing os- 
motic pressure, buffers, coloring, and/or aromatic sub- 



stances and the like which do not deleteriously react 
with the active compounds. They can also be combined 
where desired with other active agents, e.g., enzyme in- 
hibitors, to reduce metabolic degradation. 

5 [0023] For parenteral application, particularly suitable 
are injectable, sterile solutions, preferably oily or aque- 
ous solutions, as well as suspensions, emulsions, or im- 
plants, including suppositories. Ampoules are conven- 
ient unit dosages. 

10 [0024] It will be appreciated that the actual amounts 
of the MCP-1 derivative in a specific case will vary ac- 
cording to the specific compound being utilized, the par- 
ticular composition formulated, the mode of administra- 
tion and the age, weight and condition of the patient, for 

15 example. Dosages for a particular patient can be deter- 
mined by one of ordinary skill in the art using conven- 
tional considerations, (e.g. by means of an appropriate, 
conventional pharmacological protocol). 
[0025] The invention is further specifically illustrated 

20 by the following examples. 

EXEMPLIFICATION 

Construction and expression of epitope-tagged MCP-1 
25 and wild-type MCP-1: 

[0026] Starting with pGEM-hJE34 (human MCP-1 cD- 
NA in pGEM-7 (Promega, Wisconsin)) as a template, 
recombinant PCR was used to insert 30 nucleotides tm- 

30 mediately 5* to the termination codon (position 366) en- 
coding the FLAG epitope (Prickett, (1989)) with a two 
glycine spacer. Sequence analysis of the resulting cO- 
NA revealed no other base alterations, and the entire 
cDNA was cloned into the expression vector pmt21 (Ge- 

35 netics Institute) to yield a plasmid designated pFX2. 
[0027] COS cells were suspended in serum-free Dul- 
becco's modified Eagle's medium (DM EM) -at .5 x 10 6 
cells/ml. Four x 1 0 6 cells (0.8 ml) were placed in an elec- 
troporation cuvette with a 0.4 cm gap, 10 u,g plasmid 

40 DNA was added, and the cells were el ectropo rated at 
0,28 kV, 960 u,F (yielding a time constant of 10 - 13 
msec). Cells were allowed to recover in the cuvette at 
room temperature for 1 0 minutes, then plated in two 1 00 
mm dishes in DMEM with 10% bovine calf serum. After 

45 24 hours, medium was changed to serum-free DMEM. 
After an additional 24 hours, conditioned medium was 
collected, cells and debris were removed by centrifuga- 
tion, and the medium was stored at -70°C. 
[0028] Wild-type MCP-1 was also produced by COS 

50 cell transfection, as described above. 

Construction and expression of MCP-1 mutations: 

[0029] Similar techniques as described by Higuchi, 
55 above, were used to insert the FLAG epitope and spacer 
immediately 3' to the codon for aspartate-3 in processed 
MCP-1 (nucleotide position 146); this expression plas- 
mid was designated pFX3. Based on modeling consid- 
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erations as well as structure/activity data from other 
chemokines (in particular IL-8), MCP-1 mutations in 
three regions were constructed: namely the N-terminus, 
the first inter-cysteine loop, and the C-terminal predicted 
a-helix (Figures 2 and 4). With pFX2 as template, re- 
combinant PCR was used to Insert termination codons 
or single amino acid changes. All mutations were con- 
firmed by sequence analysis of both DNA strands. 

Immunoblotting : 

[0030] Conditioned medium from transfected COS 
cells was boiled in sample buffer and subjected to elec- 
trophoresis through a 15% polyacrylamide gel in SDS. 
In some cases, medium was first concentrated using a 
Centricon-10 device (Am icon, Danvers, MA). 
[0031] Proteins were electrophoretically transferred 
to nitrocellulose and probed either with an anti-FLAG M 1 
monoclonal antibody (International Biotechnologies, 
Inc., New Haven, CT) or with rabbit anti-MCP-1 antise- 
rum. 

[0032] Blots were developed using the appropriate 
horseradish peroxidase-conjugated secondary anti- 
body and substrate solution (Vector Laboratories, Burl- 
ingame, CA). 

Quantitation of MCP-1 and its derivatives : 

[0033] MCP-1 was expressed as a FLAG fusion pro- 
tein in E. coli using the FLAG Biosystem and purified 
using an anti-FLAG affinity column (International Bio- 
technologies, Inc., New Haven, CT). Known amounts of 
pure FLAG-MCP-1 fusion protein were included in every 
immunoblot for MCP-1 produced by COS cells. Immu- 
noblots were then analyzed by laser densitometry 
(Pharmacia, Piscataway, NJ) and the mass of each COS 
cell-produced protein was determined by reference to 
the FLAG-MCP-1 fusion standard. The amount of COS 
cell supernatant loaded in each well generated an im- 
munoblot signal within the linear response range of the 
laser densitometer. When possible, samples were 
quantitated using both anti-FLAG and anti-MCP-1 anti- 
bodies. There were no disparities between amounts of 
protein determined with the two antibodies except when 
one of the epitopes was absent. 

Monocyte chemotaxis assay: 

[0034] Human peripheral blood mononuclear cells 
were prepared from volunteers as described (Rollins, 
Blood, 78, pp 1112-1116 (1989)). Chemotaxis assays 
were performed using a multiwell chamber fitted with a 
polycarbonate filter having 5 ji pores as described. Each 
COS cell supernatant was tested over a wide range of 
dilutions, and the concentration of monocyte chemoat- 
tractant activity (MCA) in each supernatant was defined 
as the inverse of the dilution giving half-maximal chem- 
otactic response. 



[0035] Wild-type MCP-1 and FX2 had similar dose re- 
sponse characteristics, Figure 1 . Using the quantitation 
results from Immunoblotting, analysis of the dose re- 
sponse curves showed that the specific activity of FX2 

5 is 408,000 U/ml while that of wild-type MCP-1 is 442,000 
U/ml. Both values compared favorably with the specific 
activity determined for purified, eukaryotically-pro- 
duced, recombinant MCP-1 , suggesting that the epitope 
tag does not interfere with MCP-1's ability to attract 

10 monocytes in vivo. 

[0036] Each of the mutations constructed, illustrated 
in Fig. 2, were tested for monocyte chemotaxis activity 
in the same manner As set forth above, the mutations 
were constructed in three regions, the N-terminus, the 

15 first inter-cysteine loop, and the C-terminus. At the N- 
terminus, insertion of the FLAG epitope immediately af- 
ter the N-terminal glutamine destroyed the protein's 
monocyte chemoattractant activity (FX3). Consistent 
with that finding was the fact that deletion of amino acids 

20 2-8 also yielded an inactive protein . In an attempt to ac- 
complish finer mapping, the two charged amino acids 
were changed in this region (aspartate-3 and asparag- 
ine-6) to alanine. Changing aspartate-3 significantly re- 
duced the activity of the protein, while changing aspar- 

25 agine-6 yielded a protein that retained 52.9% of wild- 
type MCP-1 's activity. 

[0037] Next, four point mutations in the first inter- 
cysteine loop were constructed. Mutations of arginine- 
24 to phenylalanine, tyrosine-28 to aspartate, and ar- 
30 ginine-30 to leucine all produced proteins with activities 
that were only a fraction of wild-type. However, mutation 
of another polar amino acid in the same region, namely 
serine-27, produced a protein with 60% of the activity of 
wild-type. 

35 [0038] Finally, manipulations of the C-terminal a-helix 
produced proteins that were still able to signal, but had 
reduced potency compared to wild -type. -Deletions of 
half (D2) or all (D1) of the a-helix yielded proteins with 
1 7% and 1 1 .3% of wild-type activity, respectively. In the 

40 predicted model structure of dimeric MCP-1 , aspartate- 
68 projects into a predicted receptor binding cleft be- 
tween two a-helices. Mutation of this amino acid to leu- 
cine had the same effect as deletion of the entire helix. 

45 Competition for biological effects: 

[0039] Mutated MCP-1 derivatives were tested for 
their ability to inhibit monocyte chemotaxis in vitro in re- 
sponse to non-mutated MCP-1 . To a fixed concentration 

50 of FX2, increasing amounts of medium conditioned by 
COS cells expressing mutant proteins were added. Only 
Y28D, R24F, 7ND, and D3A demonstrated an ability to 
inhibit wild type MCP-1 . Figure 3 shows that Y28D and 
7ND were able to inhibit monocyte chemotaxis to FX2 

55 by approximately 50% at the highest ratios tested. (The 
upper limit was dictated by the concentration of mutation 
protein in conditioned medium.) Y28D was slightly more 
effective than 7ND on a molar basis with an IDc n corre- 
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sponding to =300 ng/ml in the presence of 1 0 ng/ml wild- 
type MCP-1. R24F reduced MCP-1 's chemoattractant 
effect to 69% of control at a molar ratio of 1:1. Although 
R24F itself had monocyte chemoattractant activity of 
only 5% of wild-type, addition of more R24F beyond a 
1:1 molar ratio with wild-type led to increasing chemoat- 
tractant activity. D3A reduced MCP-1's activity to 80% 
of control at a molar ratio of 1 0:1 , but since it also has 
chemoattractant activity, higher molar ratios showed 
loss of inhibition. Inhibitory activity was specific for 
MCP-1 since the mutations did not inhibit monocyte 
chemotaxis in response to formyl-methionyl-leucylphe- 
nylalanine (fMLP). 

Claims 

1. A mutant Monocyte Chemoattractant Protein-1 
(MCP-1) derivative that inhibits the monocyte che- 
moattractant activity of endogenous MCP-1, with 
the proviso that the derivative has not been modi- 
fied by the substitution of 28-tyrosine by leucine 
and/or the substitution of 30-arginine by valine. 

2. A human Monocyte Chemoattractant Protein-1 
(MCP-1 ) derivative that inhibits the monocyte che- 
moattractant activity of endogenous MCP-1 where- 
in human MCP-1 has been modified in one or more 
of the following ways: 

a) the 28-tyrosine is substituted by aspartate; 

b) the 24-arginine is substituted by phenyla- 
lanine; 

c) the 3-aspartate is substituted by alanine; 

d) the 2-8 amino acid sequence is deleted; and 
equivalents thereof which inhibit the monocyte 
chemoattractant activity of endogenous MCP-I . 

3. A human Monocyte Chemoattractant Protein-1 
(MCP-1) derivative as claimed in claim 2. wherein: 

a) the 28-tyrosine of human MCP-1 is substitut- 
ed by aspartate; or 

b) the 2-8 amino acid sequence of human MCP- 
1 is deleted; or 

c) the 24-arginine of human MCP-1 is substitut- 
ed by phenylalanine; or 

d) the 3-aspartate of human MCP-1 is substi- 
tuted by alanine. 

4. The human MCP-1 derivative of claim 1 , wherein: 

a) 24-arginine is substituted; or 

b) 3-aspartate is substituted; or 

c) the amino acids between about 2 and 8 have 
been deleted. 

5. A pharmaceutical composition comprising the 



MCP-1 derivative of any one of the preceding 
ciaims and a pharmaceutically acceptable carrier. 

6. Use of the MCP-1 derivative of any one of claims 
5 1 -4 for the manufacture of a medicament for treating 

patients with restenosis, rheumatoid arthritis or 
chronic pulmonary Inflammation. 

7. Use of the MCP-1 derivative of any one of claims 
10 1 -4 for the manufacture of a medicament for inhib- 
iting monocyte chemoattractant activity. 

8. The MCP-1 derivative of any one of claims 1 to 4 
for use in therapy or prophylaxis. 

15 

Patentansprtiche 

1. Mutiertes Monocyten chemotaktiles Protein-1 
20 (MCP-1) Derivat, dass die fur Monocyten chemo- 

taktile Aktivitat von endogenem MCP-1 inhibiert, 
wobei das Derivat nicht durch Substitution von Ty- 
rosin 28 durch Leucin und / oder durch Substitution 
des Arginin 30 durch Valin modifiziert ist. 

25 

2. Humanes Monocyten chemotaktiles Protein-1 
(MCP-1) Derivat, dass die fur Monocyten chemo- 
taktile Aktivitat von endogenem MCP-1 inhibiert, 
wobei das humane MCP-1 auf eine oder mehrere 

30 <jer folgenden Arten modifiziert ist: 

a) das Tyrosin 28 ist substitute rt durch Aspartat; 

b) das Arginin 24 ist substitueirt durch Phenyl- 
alanin; 

35 c) das Aspartat 3 ist substituiert durch Alanin; 

d) die Aminosauresequenz 2-8 ist deletiert; 

und Aquivalente hierzu, die die fur Monocyten che- 
motaktile Aktivitat des endogenen MCP-1 inhibie- 
ren. 

3. Humanes Monocyten chemotaktiles Protein-1 
(MCP-1) Derivat nach Anspruch 2, worin : 

^5 a) das Tyrosin 28 des humanen MCP-1 durch 

Aspartat substituiert ist; oder 

b) die Aminosauresequenz 2-8 des humanen 
MCP-1 deletiert ist; oder 

c) das Arginin 24 des humanen MCP-1 durch 
50 Phenylalanin substituiert ist; oder 

d) das Aspartat 3 des humanen MCP-1 durch 
Alanin substituiert ist. 

4. Humanes MCP-1 Derivat nach Anspruch 1 , worin: 

55 

a) Arginin 24 substituiert ist; oder 

b) Aspartat 3 substituiert ist; oder 

c) die Aminosauren zwischen der Position etwa 
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2 und 8 deletiert sind. 

5. Pharmazeutische Zusammensetzung, umfassend 
das MCP-1 Derivat nach einem der vorstehenden 
Anspruche und ein pharmazeutisch annehmbarer 
Trager. 

6. Verwendung des MCP-1 Derivats nach einem der 
Anspruche 1-4 zur Herstellung eines Medikamen- 
tes zur Behandlung von Patienten mit Restenose, 
rheumatoider Arthritis oder chronischer Lungenent- 
zundung. 

7. Verwendung des MCP-1 Derivats nach einem der 
Anspruche 1-4 zur Herstellung eines Medikamen- 
tes zur Inhibierung der fur Monocyten chemotakti- 
len Aktivitat. 

8. MCP-1 Derivat nach einem der Anspruche 1 -4 zur 
Verwendung in derTherapie oder der Prophylaxe. 



Revendications 



4. Derive de MCP-1 humaine selon la revendication 
1 , dans lequel : 

a) l'arginine-24 est remplacee ; ou 
5 b) l'aspartate-3 est remplace ; ou 

c) la sequence d'acide amine entre les resldus 
2 et8 est deletee. 

5. Composition pharmaceutique comprenant le derive 
10 de MCP-1 suivant Tune quelconque des revendica- 
tions precedentes et un support pharmaceutique- 
ment acceptable. 

6. Utilisation d'un derive de MCP-1 selon Tune quel- 
15 conque des revendications 1 a 4 pour la fabrication 

d'un medicament pour traiter des patients ayant une 
restenose, un rhumatisme articulaire ou une inflam- 
mation pulmonaire chronique. 

20 7. Utilisation d'un derive de MCP-1 selon Tune quel- 
conque des revendications 1 a 4 pour la fabrication 
d'un medicament pour inhiber I'activite chimiotacti- 
que monocytaire. 



1. Derive de la proteine chimiotactique monocytaire- 1 25 
(MCP-1 ) mutante qui inhibe I'activite chimiotactique 
monocytaire de MCP-1 endogene, sous reserve 
que le derive n'ait pas ete modifie par substitution 
de la tyrosine-28 par la leucine et/ou la substitution 
de l'arginine-30 par la valine, 30 



8. Derive de MCP-1 selon Tune quelconque des re- 
vendications 1 a 4 pour utilisation en therapie ou 
prophylaxie. 



2. Derive de la proteine chimiotactique monocytaire-1 
(MCP-1) humaine qui inhibe I'activite chimiotacti- 
que monocytaire de MCP-1 endogene, dans lequel 
la MCP-1 humaine a ete modifiee de Tune ou plu- 35 
sieurs des manieres suivantes : 



a) la tyrosine-28 est remplacee par ('aspartate ; 

b) l'arginine-24 est remplacee par la 
phenylalanine ; 

c) l'aspartate-3 est remplace par Talanine ; 

d) la sequence d'acide amine 2-8 est deletee ; 

et ses equivalents qui inhibent ractivite chimiotac- 
tique monocytaire de MCP-1 endogene. 



3. Derive de la proteine chimiotactique monocytaire 
(MCP-1) humaine selon la revendication 2, dans 
lequel ; 

50 

a) la tyrosine-28 de MCP-1 humaine est rem- 
placee par ('aspartate ; ou 

b) la sequence d'acide amine 2-8 de MCP-1 hu- 
maine est deletee ; ou 

c) l'arginine-24 de MCP-1 humaine est rempla- 55 
cee par la phenylalanine ; ou 

d) l'aspartate-3 de MCP-1 humaine est substi- 
tue par I'alanine. 
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FIGURE 1 
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FIGURE 3 
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